Asset Management of
Cable Fleet
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Asset Management
Step-by-Step-procedure

* APM is Converting

Engineering knowledge,
Experience and Data

into management information to
support corporate decision making

Engineering
knowledge

Asset Data

* Asset management is defined as the base

set of coordinated activities that an
organization uses to realize value
from assets in the delivery of its
outcomes or objectives.
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Key Benefits of Asset Management

* Performance improvements
 Costimprovements

* Management of risk

* Assurance of business growth
* Reliable decision making

* Enhanced stakeholder confidence through compliance and
improved reputation
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Total cost of Ownership —Lifecycle analysis of Asset- CAPEX, OPEX,
Conditions, Risk —Balance between Capex and OPEX

Opex, e.g.

e. g refurbish Sspare parts

Costs per year

Increasing
failure rate

End of life,
High TD, PD etc.

Life Time LAXMI
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ASSET MANAGEMENT

PLAN
What are we
going to do?

ACT
Do we need any DO
changes? Let’s do what we
Where do we go said!

from here?
CHECK
Have we met our
expectations?
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Key benefits of adopting ISO 55000

Balancing the Cost versus Performance over the AM

AMis not lifecycle

“Performing

the best we Affordable
can" = costs
“Doing what is }

necessary to
maintain the *Availability, Reliability-Service level targets
balance between *Public safety

performance, cost Desired *Staff safety

and risk, Performance {uussssssspUnplanned costs
*Environmental impact

-given company

: « Risk management
business values
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‘ Asset Data and Knowledge

Asset health index (HI) + ﬁ ? O ’?
Probability of failure for each asset = _ 0
(PO F) Health Index Probability of failurg Consequences Risk

Consequences of failure CBM
Financial risk

Run future scenarios and options .'

. Asset Investment Plan

§

Optimum Economic
Performance




« Systematic collection of available
information to define asset condition,

Health Index  Practical knowledge and experience of
assets

* Derive a Health index (HI) for each asset

Data Condition Management Strategy

Bad At end of life
Information
Poor Intervention required
Fair Routine maintenance
Knowledge
Good New condition
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The Value Chain of Information

_ Turn off Fan A
Decision @
This exceeds the maximum
Analysis Knowledge threshold for vibration

‘Reporting’

: Fan A is vibrating
Information at 10mm/s
Integrate / process into info

Data Storage

10mm/s
90% of the cost Sl Raw .

Collect Data

AR,

Organizational
Information
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Degradation factor

Thermal

Electrical

—

Mechanical

-

Environmental

Aging index

Health index
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Dielectric Strength
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Q. The closer the strength line
g Yu - comes to the operational stress,
Rapid Aging -y gy then the higher the risk of

erarnum .,,,~cable system failure.
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Voids, ding, tensile Moisture,
Temperature : : .
: : contaminants, || compression, chemical
Aging causes and joule

; protusions and torsion and radiation and
hesting defects vibration gases

Result Reduced dielectric strength & Increased local strength

e —s
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Asset data

Assel history

Inspection & diagnostics

Assel lechnical status

Health Index

" Strategy & policy & KPI's

Risk management framework

Cost analysis
Price control
Timing and forecasting

Decision 1aking

Urgency

Priority
Maintenance need
Refurbishment
Replacement need

LA XM
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Health Index Code | Health Index Overview

Index-1 Very poor, Red, Need an immediate replacement

Index-2 Poor, Brown, Replacement within the predefined
period

Index-3 Moderate, Light green, Maintenance required
concerning the time

Index-4 Good, Yellow-green, Normal Maintenance

Index-5 Very good, Green, Wait up to the scheduled
maintenance period
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Usage Time
Loading Condition
Failure Frequency
Reparation Rate
Network Reliability
Length

Route Configuration

Operational Environment
~— -
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Component Health Index Calculation

%HIC =

2 (5xw,

I x100

D (S X W)

I

System Health Index Calculation

YWHIS =

> (%HIC,, ;%

W)

100

Conditional Factor Calculation

%CT = Mx 100
" (Smx’c ><W_)

c=1 c
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Cable

@ Critical (0)

£\ Alert (3)
Monitoring (17)

@ Normal (59)
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1.Dielectric Withstand Test
2.Very low frequency (VLF)
3.Seath test

4.DC Insulation Resistance

5.Partial discharge
6.TDR
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Water Trees in Cable Insulation

* Increase in tan o over dry insulation
* Tan 0 increases with voltage

- Drift of the water dipoles is non-linear




Outer semi conducting "bow-tie trees"

layer

Insulation

Inner semi conducting
e

layer vented trees
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NO. OF |Number of CABLE MTD DATA CABLE MTD DATA AFTER CABLE
CORES | cables e TERMINATION
(1/3) R Y B R Y B

3 1 d 31.654 Retermination done 0.571 0.562 0.495
3 1 0.244 0.474 0.917
3 1 0.268 0.25 0.274
3 1 _ Retermination done 0.866 0.955 0.97
3 1 0.244 0.343 0.303
3 1 15.028 8.937 Retermination done 1.531 1.355 1.54
3 1 * Retermination done 1.94 1.844 1.862
3 1 11.248 7.054 0.755
3 1 1.043 1.026 1.0371
3 1 1.739 1664  2.547
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VLF DATA TREND-HIGH MOISTURE
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‘Ramp-up curve
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Water Trees in Insulation
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Operating at risk with indication of aged dielectric

RAMP-UP CURVE:
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Voltage v/s Tan Delta Characteristics
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Lines

Manufacturing imperfections
(i.e. voids, contaminants),

e \/oid

I./\XMI

ASSOCIATES



IEEE MV Cable Field Testing

IEEE 400 - 2012

Guide for field testing & evaluation of the
insulation of shielded power cable systems
rated 5kv and above

IEEE 400.1 IEEE 400.2 -2013 IEEE 400.3

Field testing of Field testing of shielded PD testing of shielded
laminated cables rated power cables using very power cables in the field
kv and above using DC low frequency VLF environment ‘
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Indicators Calculations
tan ¢ stability (SDTD) | Standard deviation of 6-10
measurements at Uo
delta tan 6 (ATD) Difference of the average
values at 1.5 Uo and 0.5 Uo
mean tan 6 (MTD) Average value of 6-10

measurements at Uo

MTD
80
70
60
50
40
30
20

10

ATD
150

SDTD
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Evaluation criteria for cables aged through operation according to the IEEE

VLF-TD time stability

(VLF-TDTS) measured by
standard deviation at U,
[107]
Condition assessment Paper-
insulated
XLPE cables mass-
impregnated
cables
No action required <01 <0.1
Further study advised 0.1t00.5 0.1t004
Action required >0.5 >0.4

Differential VLF-TD
(VLF-TDT) difference in mean
VLF-TD between 0.5 U_ and
15U, [107]

Paper-
insulated
mass-
impregnated
cables

XLPE cables

and <5 -35t0 10

-35to-500r

or 5to 80 10t0 100

<-50or
> 100

or >80

Mean
VLF-TD at U,
[107]
Paper-
insulated
XLPE cables mass-
impregnated
cables
and <4 <85
or 4to 50 85 to 200
or >50 > 200
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VLF Test + tan & + PD = Full MWT

A
20xU, +
VLF test
| |
1.5xU, 4+ I I
VLF test ' |
I I
1.0xu, L | I
VLF test | |
| |
05xU L | i
VLF test Cable good Cable OK Cable bad
(t reduced) | (t standard) | (t extended)
1 1

Py
15 min 30 min 60 min ;MI
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Partial discharge measurement

* Partial discharge measurement in accordance with
standard IEC 60270.

* Partial discharges (PD) occur at faults in the cable
»electrical trees,
»joints and terminations

Water treeS, made ViSible th rough Electrical trees Preferred Partner For Power Solution
colouring



Un-conventional Method

. HFCTS -140
» This methods use ensor-1avmm

HFCT (High frequency
Current Transformer)

HFCT Sensor-39mm




Vol Internal PD
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Thermal

Oxidized
Insulation

Excessive conductor
current for a given
environment and
Operating conditions

Hot Conductors

Hot Conductor

/\XNI
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TDR Method

Due to the symmetrical
configuration of power
cables:

Detection '

« Each PD event
produces two equal
current pulses,

* i.e. Pulse charge
magnitude q / 2
travels away from

the PD source in Detection .-

both directions,
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TDR Method
4

e

Principle of the PD fault location using the time domain reflectometry,
cable length 1705 m, PD site from near end 1297 m

L/\XNI

Principle of the PD fault location using the time domain reflectometry, cable length " °.2.°. 5.0 L5 °
1705 m, PD site from near end 1297 m



Health Index
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Health Index model A n—
\ Health Index model B =~ "—
\\ > confidence interval of A =% ®
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%100

%OHI Indicator Description
The system 1s good condition and does not
90%-100% Good ; s’ ’
need immediate action.
The system is moderate condition and
60%-90% Moderate e ] .
needs particular attention.

less than 60%

_ The system is approaching its end of life.

N (%HI, X%V, )
YoHI =S| Gl
= 100



Annual Faillures

B Age Faitures

B tacly Fadures

[J normal Canle

[ Normal Accesscry

Schematic
“bathtub curve”




Prabability of Failure

1.0

0.9

0.8

0.7

06

05

0.4

0.3

0.2

01

Immediate remedial action

Critical

Derating or replacement required

Investigate issues
Plan intervention within 6 mo~-1

i Normal Continue
- standard test
schedule
1 | 1 1 I ) I
0 10 20 30 40 50 60 70 80 100

Health Index
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nformatior
t

Asset Information Feedback

« Is the asset what /

-Cnnliﬂnn data

-mnﬂmmpbm

v
Mlsmweﬂmm
A 0 ropiaced
-uup-cmmm

ﬂ‘. \

Reactive Work

* Confirmation of
what asset has falled
* Cause/s

* Corrective action
 Time to repair

Years

Plans and Triggers

» (Long-Term) Capital Plan

Planning and Execution Horizon

Days

Maintenance
Activities

Data

Data
(Future)
Alerts and
Notifications
Process and
Condition Data




1ISO 55000

It is an improvement of PAS 55

Udiso 55000:2014 Asset
management — Overview, principles

and terminology (Why)

Uiso 55001:2014 Asset
management — Management

Systems — Requirements (What)

L1S0 55002:2014 Guidelines for
the application of 1ISO 55001(How)

PAS55:2004

= Sponsors and
review panel of 23
organisations

* Predominantly from

the UK

PAS55:2008

« 49 organizations
= 15 industries
+ 10 countries

ISO 5500x: 2014

* 31 Participating
Countries

* 12 Observing
Countries

* ~12 liaison
committees

ISO 55002: 2018

« Ongoing
development of the
guidance

« Explanation of
stories that span
the clauses
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Objectives of ISO 55000

U Alignment between technical, financial and operational decisions that
collectively enable the achievement of corporate objectives.

U Leadership and commitment from top management in using asset
management.

Managing Asset D Asset Management

Wz 1y

A
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Scope of TC 123

Corporate/
Organizational Strategic Goals Organization 4
Management
| _ = Asset Management |
| |Capital investment optimization . ‘\159 Man@agt
| |and sustainability planning _ _// __Manage Asset Portfolio "l _S\/Ete_mils_o 55000) : OPTIONS
7 \
{ IEC
Isustained performance, == 1C 123 | I
I cost & risk optimizatior Manage Asset System I |
I . I TC123 < RISK and VALUE
I |Optimize Manage 7 |
I |life cycle ‘ I Asset
I |activities I
L CONSEQUENCES
o - - - - v
RIEC | TC11 ‘ I TC14 I TC17 | | TC20 | | TC33 | | TC36 | | TC37 | TC38 | | TCYS | :
R ) = = e I_
Q 2 | .
| = E 8 e} .43 = 2 2 "_>E" : Starts witl
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